T
he various clinical presentations of aspergillosis primarily depend on host immune system efficiency (1, 2) . One of the most frequent presentations is chronic pulmonary aspergillosis (CPA). This disease affects approximately 3 million, mostly immunocompetent, individuals worldwide, with a 20% to 33% mortality rate during the initial treatment and a 50% 5-year mortality rate (3, 4) . It has been estimated that CPA causes approximately 450,000 deaths per year (see http://www.life-worldwide .org/fungal-diseases/chronic-pulmonary-aspergillosis/). However, the aspergillosis diagnosis relies on a body of evidence, including nonspecific clinical signs, radiological findings, and biological diagnostic test results. Therefore, the accurate diagnosis of aspergillosis currently remains a challenging issue in clinical mycology (1, 2, 5, 6) . Among the diagnostic tests, serological assays that aim to detect antibodies directed against the infecting fungus in host serum are particularly relevant for the diagnosis of CPA in immunocompetent patients (5, 7) . Although enzyme-linked immunosorbent assays (ELISAs) are widely used to detect specific antiAspergillus antibodies, immunoprecipitin detection (IPD) is currently considered the reference assay (5, 6, 8, 9) . However, several drawbacks associated with IPD have also been described, including protracted results, extended turnaround times, and poor standardization, thereby limiting the possibility of result comparison (6, 8) . The interlaboratory reproducibility, as IPD procedures differ between laboratories, and intralaboratory interreader reproducibility of IPD results are relatively poor (6, 8) .
Therefore, the disparity between the limited performance of reference diagnostic assays in the clinic and the severity of CPA is striking.
A new assay for aspergillosis diagnosis based on immunoblotting technology, the Aspergillus Western blot IgG kit (Asp-WB), has recently been commercialized (LDBio Diagnostics, Lyon, France). Commercial Western blot tests are commonly used for the diagnosis of infectious diseases, such as toxoplasmosis and HIV (10, 11) ; however, such tests for aspergillosis diagnosis were unavailable until recently. In contrast to IPD, Western blot assays are convenient, standardized, automatable, and easy to use and interpret. In this study, we evaluated the performance of the Asp-WB kit regarding the diagnosis of different presentations of pulmonary aspergillosis in nonimmunocompromised patients.
(This study's results were presented in part at the 23rd European Congress of Clinical Microbiology and Infectious Diseases [ECCMID], 27 to 30 April 2010, Berlin, Germany.)
MATERIALS AND METHODS
Patients and sera. Sera were collected from a random sample of independent randomly selected blood donors (considered healthy controls) and patients complying with the inclusion criteria of the various clinical presentations of aspergillosis, as detailed in Table 1 . Patient sera included in the study were stored at Ϫ20°C in the mycology laboratories at four French university hospitals, located in St. Etienne (St. E), Grenoble (G), Marseille (M), and Saint Antoine, Paris (St. A). The patients who matched with the case definition criteria were included (as detailed in Table 1 ).
Case definitions. Patient classification served to assess the test diagnostic indices for each clinically relevant subpopulation. Therefore, aspergillosis sensu lato (s.l.) patients were divided into one of two groups, the Aspergillus disease or Aspergillus colonization group, based on clinical, radiological, mycological, and serological criteria (Table 1) . These criteria are a combination of those used in each of the participating centers (12) (13) (14) and those described in the literature (1, 2, 15 (ii) Aspergillus Western blot IgG kit. Each serum was tested using the Asp-WB IgG kit (LDBio Diagnostics, Lyon, France) according to the manufacturer's instructions. Briefly, 1.2 ml of sample buffer was dispensed into each channel of an incubation tray. Strips were placed into the incubation tray, and 10 l of serum was dispensed following the distribution plan and incubated for 90 min under agitation. For each test, a positive control supplied by the manufacturer was used. After 3 washes with the wash buffer diluted 1/10, 1.2 ml of IgG conjugate was distributed into each channel, and the strips were incubated for 60 min. After another wash step, 1.2 ml of substrate was dispensed and incubated for 60 min, depending on the strip coloration. Each strip was left to dry at ambient temperature for at least 15 min. The result was then compared with the positive control and interpreted as either positive or negative according to the manufacturer's recommendations. Four protein bands at 16, 18 to 20, 22, and 30 kDa have been shown to be specific for Aspergillus sensitization. The Asp-WB assay was considered positive when at least two of these bands were present (Fig. 1A) . The Asp-WB global intensity was also quantified by summing the intensity results of each specific band, which was scored from 1 to 4 (Fig. 1B) . Asp-WB intensity was then categorized as weak (Ͻ2), moderate (2 to 4), high (5 to 10), and very high (Ͼ10). Each Asp-WB test was performed in duplicate and read by two experts. A panel of eight quality-control serum samples (highly positive human serum sample diluted in buffer with preservative), showing different specific profiles, was tested to control inter-and intralot reproducibility. Statistical analyses. (i) Asp-WB diagnostic indices. Blood donor sera were used to determine Asp-WB specificity. As some patients provided multiple serum samples, Asp-WB sensitivity and other diagnostic indices were calculated considering either the result for a patient or a serum sample, for all aspergillosis s.l. patients, and for each group of patients. In the patient-based analysis, the test was considered positive if at least one of the patient's sera yielded a positive result; the denominator was the number of patients included. The serum-based analysis did not allow for intrapatient correlation, and the result of each serum was considered independent; the denominator was the number of samples included. (ii) Asp-WB and IPD agreement. Asp-WB result patterns were analyzed, and concordance with IPD was evaluated. The concordance between the Asp-WB and IPD results was assessed via global agreement, and Cohen's kappa coefficient was used to estimate the strength of agreement. Cohen's kappa coefficient was interpreted as slight (0 to 0.20), fair (0.21 to 0.40), moderate (0.41 to 0.60), substantial (0.61 to 0.80), and almost perfect (0.81 to 1) agreement. The proportions of Asp-WB band detection and intensity were determined for each IPD band profile. To produce semiquantitative WB results, the Asp-WB results were categorized as negative, weak positive, or strong positive (Table 2) , by combining both the number and intensity data of the specific bands. The correlation between the semiquantitative Asp-WB results and the number of IPD bands was measured using Spearman's rank correlation coefficient.
RESULTS

Patients and sera.
A panel of 212 independent blood donor serum samples and 308 serum samples from 158 patients (as defined in Table 1 ) was analyzed. The mean number of samples per patient was 1.95 (ranging from 1 to 4). Depending on their clinical characteristics, each patient was categorized into one of the various clinical presentations of aspergillosis defined in Table 1 . Accordingly, 267 serum samples were derived from 131 patients with Aspergillus disease, including 197 from 89 patients with CPA, 13 from 10 patients with aspergilloma, and 57 from 32 patients with ABPA. The 41 serum samples from patients with Aspergillus colonization included 18 from 15 CF patients and 23 from 12 non-CF patients.
Asp-WB diagnostic indices. Thirteen of the 212 blood donor control serum samples tested positive (8 and 5 were classified as weak and strong positive, respectively); therefore, the specificity of the Asp-WB assay was 93.9% (95% confidence interval [CI],89.7% to 96.7%) for this group. The other Asp-WB diagnostic indices were calculated for the patient-and serum-based analyses.
Patient-based analysis. The Asp-WB diagnostic indices considering patient diagnosis are shown in Table 3 . The sensitivity of the Asp-WB aspergillosis s.l. diagnosis was 88.6%. The Asp-WB sensitivity was 91.6% and 74.1% in the CPA and Aspergillus colonization groups, respectively. Asp-WB sensitivity in the diagnosis of patients with Aspergillus disease reached 90.0%, 91.0%, and 93.8% for the diagnoses aspergilloma, CPA, and ABPA, respectively. For patients with Aspergillus colonization, the sensitivity of Asp-WB was 41.7% and 100% in non-CF and CF patients, respectively. The Yule Q coefficient ranged from 0.96 to 0.99, and the DOR ranged from 43.7 (95% CI, 15.7 to 122.2 ) to 185.2 (95% CI, 79.8 to 435.5), thereby indicating that the Asp-WB kit exhibited good diagnostic performance (Table 3) .
Serum-based analysis. The results of the serum-based analysis are given in Table 3 . Overall, they were similar to those of the patient-based analysis, although the Asp-WB diagnostic indices were higher in the serum-based analysis than in the patient-based analysis.
Asp-WB and IPD agreement. Importantly, IPD results were available for the patients but not for the healthy controls. Furthermore, although IPD results were included in the patient diagnostic criteria, it is worth noting that, in both patient-and serum-based analyses, the true-positive rate was higher for Asp-WB than for IPD for the diagnosis of aspergillosis s.l., Aspergillus disease, and Aspergillus colonization ( Table 3 ). The agreement between Asp-WB and IPD ranged from 76% to 86%, and the Cohen's kappa coefficient indicated a slight to moderate concordance between the two assays depending on the patient diagnosis in both the patient-and the serum-based analyses (Table 3) .
Asp-WB banding pattern analysis. At least three specific Asp-WB bands were observed in 84% of the aspergillosis s.l. serum WB profiles. Compared with IPD ( Fig. 2A) , the number of bands increased with the number of IPD bands so that 100% of the sera with at least 6 precipitin lines displayed at least 3 Asp-WB bands. The same trend was observed when considering the global Asp-WB band intensity (Fig. 2B) ; 94% of the sera with at least 3 precipitin lines had high or very high Asp-WB banding pattern intensities. To interpret the Asp-WB results in a semiquantitative manner, the Asp-WB results were classified into three categories, depending on intensity and band number, as described in Materials and Methods. Among the aspergillosis s.l. serum samples, 28 were classified as negative, 96 were classified as weak positive, and 176 were classified as strong positive. In agreement with the findings described above, the Asp-WB semiquantitative results correlated (r ϭ 0.77) with the IPD banding pattern, as depicted in Fig. 2C .
DISCUSSION
The main findings of the study were the relatively high sensitivity of the detection of specific bands with the evaluated Aspergillusspecific IgG Western blot detection kit for the diagnosis of aspergillosis in nonimmunocompromised patients and the lack of correlation between any particular banding feature and clinical presentations of aspergillosis. A major advantage of using a commercialized kit is the uniformity of reagents. Indeed, the standardization of diagnostic tests is critical when epidemiological studies and therapeutic trials evaluating diagnostic or therapeutic strategies for aspergillosis treatment require multicenter enrollment. Furthermore, the turnaround time for results is shorter with Asp-WB assays (ϳ4 h) than with IPD assays (ϳ24 to 36 h). The sensitivity and diagnostic performance of the Asp-WB assay was highlighted in both the serum-and the patient-based analyses, as evaluated by the DOR and Yule Q coefficient values. The slight concordance between the Asp-WB and IPD results (Table 3 ) may be at least partly explained by the heterogeneity of the IPD assays used in each of the four centers. Our objective was to evaluate the diagnostic indices of this WB test for the diagnosis of various presentations of aspergillosis and not to compare the WB with the immunoprecipitin test. Yet, in patients with various clinical presentations of aspergillosis, it was noticeable that, although IPD results were included in the case definition criteria, there were fewer false-negative results with the Asp-WB assay than with the IPD assay. One exception concerned the diagnosis of aspergilloma (Table 3) , in which all patients had a positive IPD result and one had a false-negative Asp-WB result with only one intense (grade 3 on an intensity scale of 4) specific 18-to 20-kDa Asp-WB band (data not shown).
The comparison of the present findings with those of other clinical studies was limited due to the novelty of this Western blot-based test. However, some limitations of the current study are outlined. (i) Controlling for misclassification bias was hampered by the composite diagnostic criteria of aspergillosis that we used (Table 1) , as no efficient gold standard is currently available. Therefore, sera from some patients infected by a microorganism other than Aspergillus might have been included in the study, which may explain at least some of the negative Asp-WB results obtained for patients diagnosed with aspergillosis. (ii) The retrospective study design did not allow us to calculate the predictive values of the Asp-WB assay. (iii) Blood donors were considered healthy, although no data were available concerning their potential exposure to Aspergillus fungi. Therefore, the underlying reason behind positive Asp-WB results obtained for some controls remains unclear. The choice to use blood donors as controls was based on the difficulty in ruling out the diagnosis of aspergillosis in at-risk patients due to the relatively poor sensitivity of the current diagnostic criteria. (iv) Cross-reactions of the Asp-WB assay were not evaluated because, according to the study design, all included patients were infected or colonized by an Aspergillus sp. alone or in combination with other fungi. (v) Specific banding patterns according to Aspergillus species were not evaluated, as A. fumigatus was isolated in all patients, either alone or in combination with another Aspergillus species (data not shown).
Assessments of band numbers and intensities in the semiquantitative interpretation of WB results have been used for the diag- nosis of various infectious diseases, including HIV (17), Lyme borreliosis (18) , and Helicobacter pylori carriage (19) . While neither a particular Asp-WB banding pattern nor a semiquantitative Asp-WB result was significantly associated with any of the aspergillosis clinical presentations (data not shown), we found a significant correlation between semiquantitative Asp-WB results and the IPD band number. Using a semiquantitative interpretation might therefore facilitate the transition from semiquantitative IPD analysis to Asp-WB assay in the clinical practice.
As Aspergillus colonization is considered a pathway to infection, the management of clinically asymptomatic patients with Aspergillus sp. colonization remains a matter of debate. In line with this hypothesis, it has been demonstrated that persistent colonization can induce an antibody response, and according to some authors, this seroconversion should prompt the reinforcement of patient monitoring and/or the start of antifungal therapy (20) (21) (22) . The primary interest of including colonized patients in this evaluation is that they are typically those in whom Aspergillus serology is performed. In contrast to effect in CF patients (21, (23) (24) (25) , little is known concerning the impact of Aspergillus colonization in non-CF patients. Despite the relatively small sample size, we observed a striking difference in Asp-WB sensitivity, with 100% and 42% in CF and non-CF patients, respectively. The specificity of Asp-WB to detect Aspergillus colonization in CF patients was not determined because we did not study noncolonized CF patients. Our data show that in CF patients, the Asp-WB assay is positive in Aspergillus disease and in Aspergillus colonization. Further research is required to determine whether Aspergillus-specific IgG apparition is an early marker of aspergillosis onset.
In conclusion, this novel Western blot assay designed to detect anti-Aspergillus antibodies may be useful for the diagnosis of aspergillosis in immunocompetent patients. Its sensitivity was higher than that of the IPD assay (the current reference in antiAspergillus antibody detection assays), as highlighted by nonoverlapping 95% CI (Table 3) . Further prospective studies are required to gain further insight into the clinical significance of Asp-WB results in diagnosing the various aspergillosis clinical presentations and monitoring patients.
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